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Abstract 
Introduction: In the last couple of years, student research studies conducted at the 
University of Johannesburg’s Chiropractic Clinic showed that a variety of bacteria 
and fungi could be isolated from the chiropractic treatment tables, hands and white 
coats used in the clinic.  In 2017, microorganisms isolated included Escherichia coli 
(E. coli), Pseudomonas-, Klebsiella-, Aspergillus -, Fusarium- and Mucor species as 
well as Cryptococcus neoformans (Perdijk, 2017). These organisms are mostly 
considered opportunistic microorganisms in immunocompromised individuals but 
may also cause infections in healthy young and elderly individuals (Thapa et al., 
2017).  Studies have shown that patient files could be important vehicles for cross-
contamination and infection in healthcare settings (Panhotra, Saxena and Al-Mulhim, 
2005). Patient files contaminated with microorganisms may contaminate healthcare 
workers, who can subsequently pass the pathogens to the next attended patients. 
Purpose: The aim of the study was to determine the bacterial loads, as well as types 
present, on the external surfaces of patient files used at the Chiropractic Training Clinic 
at the University of Johannesburg. 
Method: A total of 150 samples were collected from patient files over a period of three 
days in May 2018. On the first day all the new patient file samples were collected, on 
the second day, all the single use file samples were collected and on the third day, the 
multiple use file samples were collected. A private single room within the clinic was 
used to conduct the sample collection. Convenience sampling was used to select files 
to represent unused new files (n=50), files used for one consultation (within 4 months) 
at the time of sampling (single use; n=50) and files used more than one consultation 
(within 4 months) at the time of sampling (multiple use; n=50). The swabs were 
aseptically streaked on MacConkey agar, Pseudomonas spp and HiCrome agar. The 
plates were incubated at 37°C for 24 hours. The identity of a selection of the 
presumptive bacterial isolates (n=110), that represent the bacterial growth patterns 
and morphology, were characterized using the VITEK®2 Compact System 
(BioMérieux, USA). 
Results: In this study, 73 % (110/150) of the patient files had bacteria present on the 
outside surface when samples were grown on plate count agar. Unexpectedly, more 
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of the unused files harbored bacterial growth when in comparison to the single use 
files. It was found that 80.4% of the unused files tested positive for the presence of 
bacteria compared to the 50% single use files that showed the presence of bacteria. 
As expected, the majority (88%) of multiple use files had bacteria present on the 
outside surface which was to be expected due to the high handling rate of these files 
in the clinic. However, no ESKAPE pathogens were detected. The organisms detected 
by VITEK 2 included Staphylococcus warneri, Staphyloccus saprophyticus, 
Micrococcus luteus, Staphylococcus hominis spp, Streptococcus iniae, 
Staphylococcus epidermis, Pantoea spp, Staphylococcus haemolyticus, Kocuria 
varians and Escherichia vuneris. 
 
Conclusion: From the data, it seems that majority of the patient files harboured 
some sort of bacterial organisms. The unused files had higher counts of organisms 
than that of the single and multiple use files. No ESKAPE organisms were found. 
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Chapter One 
Introduction 
1.1 General Introduction 
In the last couple of years, student research studies conducted at the 
University of Johannesburg’s Chiropractic Clinic showed that a variety of 
bacteria and fungi could be isolated from the chiropractic treatment tables, 
hands and white coats used in the clinic.  In 2017, microorganisms isolated, 
specifically from the chiropractic tables included Escherichia coli (E. coli), 
Pseudomonas-, Klebsiella-, Aspergillus -, Fusarium- and Mucor species as 
well as Cryptococcus neoformans (Perdijk, 2017). These organisms are 
mostly considered opportunistic microorganisms in immunocompromised 
individuals but may also cause infections in healthy young and elderly 
individuals (Thapa, Pant, Yadav, Thapa, Singh, Pokhrel and Devkota, 
2017).   
Studies have shown that patient files could be important vehicles for cross-
contamination and infection in healthcare settings (Panhotra, Saxena and 
Al-Mulhim, 2005). Patient files contaminated with microorganisms may 
contaminate healthcare workers, who can subsequently pass the 
pathogens to the next attended patients. Microorganisms such E. coli, 
Staphylococcus aureus, Pseudomonas aeruginosa, and Enterococcus 
hirae have been reported to be stable on paper for up to 72 hours and 
cultivable after seven days (Hübner, Hübner, Kramer and Assadjan, 2011). 
These form part of the World Health Organizations ESKAPE pathogens 
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter 
species) that are the leading cause of nosocomial infections throughout the 
world (Santajit & Indrawattane, 2016).  
2 
 
Therefore, patient files (Appendix A) that are stored in contact with each 
other when not in use in the filing cabinets can be sources of microbial 
contamination from the adjacent files.  
1.2  Study motivation 
The chiropractic profession is traditionally a hands-on profession, treating a 
variety of conditions with manual manipulation of the spinal column and 
other joints (Evans, Ramacharan, Floyd, Globe, Ndetan, Williams and Ivie, 
2009). This continuous contact may act as a vector for the transmission of 
micro-organisms between student and patient, and ultimately between 
person and patient file. Patient files are not only used by doctors and 
patients but also by many other people involved in patient care (Hübner, 
Hübner, Kramer and Assadjan, 2011)  
Disinfection of paper, unlike most other equipment, is not an easy task 
because of its porous surface and incompatibility with liquid disinfectants 
which is what is commonly used in most medical facilities. Much research 
has been conducted on the transmission of pathogens from hands to 
inanimate surfaces, however, it remains unclear how long bacteria can 
survive on paper and how many organisms maybe transferred in a full hand-
to-paper-to-hand transmission cycle (Han, OO, WIN, HAN, and Aye, 1989). 
1.3 Aims and Objectives of the study 
The aim of the study was to determine the bacterial loads, as well as types 
present, on the external surfaces of patient files used at the Chiropractic 
Training Clinic at the University of Johannesburg. 
The specific objective was: 
1. To determine the presence of ESKAPE bacteria on external surface of 
patient files used in the Chiropractic Training Clinic at the University of 
Johannesburg. 
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2. To isolate and identify organisms grown from the external surfaces of 
the patient files using the VITEK2. 
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Chapter Two 
Literature Review 
2.1 Introduction  
This literature review will focus on the background of this study of patient 
files as a potential reservoir for microorganisms as well as a basic overview 
of the chiropractic profession and its role in the healthcare system. 
Additionally, this chapter will give an outline of healthcare associated 
infections as well as interventions that can be implemented to prevent the 
further spread of pathogens. 
2.2 The Role of Chiropractic in the Healthcare System 
Healthcare systems generally have rigid hierarchies. The group of “doctors” 
that the average person would refer to include general practitioners, 
surgeons, dentists and physicians whereas the group of “therapists” 
incorporate physiotherapists, occupational therapists and speech therapists 
(Azari, 1999). Around the world chiropractic has been classified as being 
part of Complementary and Alternative Medicine (CAM) which are defined 
as a group of health and wellness therapies typically not part of conventional 
medicine (Meeker and Haldeman, 2002). Complementary medicine is used 
in conjunction with conventional medicine, whereas alternative medicine is 
used in place of conventional medicine i.e. the chiropractor (WHO, 2000). 
The chiropractic profession, by definition, is a system of complementary and 
alternative medicine based on the diagnosis, manipulative treatment and 
prevention of mechanical disorders of the musculoskeletal system (WFC, 
2009). There is an emphasis on manual treatments including spinal 
adjustment and other joint and soft tissue manipulation (WFC, 2009). 
Chiropractic is traditionally a hands-on profession using manipulation 
applied to joints with direct skin-to-skin contact. By the very nature of this 
trade, hand-to-patient contact is often required which thereby increases the 
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risk of transmission of microbial pathogens (Evans, Ramcharan, Floyd, 
Globe, Ndetan, Willims and Ivie, 2009). 
2.3 Chiropractic Patient Files as Potential Vectors of Pathogenic 
Microorganisms 
During a chiropractic treatment consultation, the patient would need their 
own patient file (which is kept by the clinic) with relevant medical and 
treatment histories. These files are legal documents which require complete 
doctor-patient confidentiality. At some point during the chiropractic 
treatment, the chiropractor’s hands would encounter the patient file before 
and after coming into contact with the actual patient. The file will then 
encounter the reception staff after the consultation to file into the secure 
filing cabinet. As a result, the surface of the patient file could potentially be 
a vector for the transmission of micro-organisms between person and file. 
Patient files contaminated with microorganisms may contaminate other 
healthcare workers or patients, who can subsequently pass the pathogens 
to the next attended patients (Thapa et al., 2017; Hübner et al., 2011). 
Evidence has suggested that patient’s paper medical charts in hospitals are 
potentially contaminated by pathogenic bacteria including multidrug 
resistant bacteria such as methicillin resistant Staphylococcus aureus and 
vancomycin resistant Enterococcus spp. (Thapa et al., 2017). They might 
act as vehicles for transmission of bacterial infections (Panhotra et al., 2005) 
due to the fact that disinfection of paper, unlike most other equipment, is not 
an easy task because of its porous surface and incompatibility with liquid 
disinfectants (Hübner et al., 2011).   
To prove the validity of the previous statements that patient files are 
contaminated with microorganisms, Table 2.1 is presented and summarises 
organisms that have been isolated from different types of patient files in 
various healthcare settings.
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Table 2.1 Organisms that have been previously found on different types of patient files obtained from previous research 
studies. 
Material of patient file Setting  Organisms obtained References 
Plastic patient chart 
cover 
Tertiary care hospital in Kathmandu, 
Nepal 
• Bacillus spp. 
• Staphylococcus aureus 
• Citrobacter freundii 
• Acinetobacter spp. 
• Pseudomonas aeruginosa 
• Enterococcus spp. 
• Klebsiella spp. 
Thapa et al., 2017 
Vinyl covered medical 
files 
King Fahad Hospital, Saudi Arabia • Pseudomonas aeruginosa 
• Staphylococcus aureus 
• Staphylococcus epidermidis 
• Klebsiella pneumoniae 
• Acinetobacter baumannii 
• Serratia marcescens 
Panhotra et al., 
2005 
Paper  Hospital unit • Escherichia coli 
• Staphylococcus aureus 
• Pseudomonas aeruginosa 
• Enterococcus hirae 
Hübner et al., 2011 
7 
 
As seen from the above table, mainly the ESKAPE pathogens (Section 2.5) 
are found on the medical charts no matter what type of material is used. 
Even though these studies have been conducted in a hospital environment 
which contain mostly infectious people, there is nothing stopping these 
types of bacteria from appearing and spreading in the chiropractic health 
day-clinic. Cardboard patient files are used every day in the clinic at the 
University of Johannesburg. Each patient treated at the clinic has his/her 
own patient file and the files come into contact with the hands of healthcare 
workers (HCW) every time they are in use. This has health implications in 
the chiropractic clinic which also attends to and physically treats patients 
who may potentially be carriers of pathogens. These pathogens can 
potentially be transferred to other individuals via patient files through the 
hands of HCW resulting in hospital acquired infections or nosocomial 
infections (Thompson, Gyürüs, Fleischer, Bingham, McHenry, Apfelstedt–
Sylla, Zrenner, Lorenz, Richards, Jacobson and Sieving, 2000).  
2.4 Nosocomial Infections 
Before the ESKAPE pathogens are discussed it may be beneficial first 
understand how they are associated with what are known as nosocomial 
infections. 
Nosocomial (from the Latin word nosocomium meaning hospital) infections 
are described as infections that the patient contracts during their hospital 
stay. The infections are neither present nor incubating at the time of the 
patient’s admission into hospital (Arabi, Arifi, Balkhy, Najm, Aldawood, 
Ghabashi, Hawa, Alothman, Khaldi, and Al Raiy, 2014). Clinical course and 
outcomes of critically ill patients with Middle East respiratory syndrome 
coronavirus infection. Annals of internal medicine, 160(6), pp.389-397.. The 
criteria for nosocomial infections are, all infections acquired between 48 
hours of hospital discharge and 3 days after hospital discharge (Edwardson 
and Caims, 2019). Nosocomial infections are one of the leading causes of 
morbidity and mortality that can easily be prevented and avoided.  There 
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are two situations in which infections are not considered to be nosocomial 
in nature (Khan, Baig and Mehoob, 2015). These situations include: (1) The 
infections were present at the time of admission but became complicated 
which resulted in a new infection; (2) the infections that are acquired trans-
placentally due to some diseases like toxoplasmosis, rubella, syphilis or 
cytomegalovirus and appear 48 hours after birth. 
According to Thapa et al., (2017), inanimate objects like stethoscopes, latex 
gloves, white coats and patient charts might act as the sources of 
pathogenic bacteria that can cause nosocomial infections. Even though the 
public health and hospital care have progressed in their hygiene standards, 
infections continue to develop in hospitalised patients and can even effect 
hospital staff (Bhalla, Pultz, Gries, Ray, Eckstein, Aron and Donskey, 2014). 
Emotional stress and functional disability may occur as a result of these 
infections. Nosocomial infections are caused by a wide variety of microbes 
and each one can cause infection in a healthcare environment. Bacteria are 
responsible for about ninety percent of the infections, with a lesser 
contribution from protozoans, fungi and viruses (Khan, Baig and Mehoob, 
2017). This review will discuss ESKAPE pathogens associated with 
nosocomial infections. 
2.5 ESKAPE pathogens associated with nosocomial infections 
ESKAPE is the acronym used to cover the six most well-known antibiotic 
resistant bacteria. They can “escape” the effects of most antibiotics through 
different evolutionary mechanisms that have developed. The ESKAPE 
pathogens include Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa, and Enterobacter species and are the leading cause of 
nosocomial infections throughout the world (Bhalla et al., 2014). To survive 
within the host, these bacteria exploit several escape mechanisms to 
prevent detection and killing by the immune system. ESKAPE pathogens 
consist of both Gram-positive and Gram-negative bacteria and are included 
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based on their persistent infections they cause or the fact that they easily 
acquire antibiotic resistance (WHO, 2014). The World Health Organisation 
(2014) and National Department of Health (2017) recommends that these 
organisms be included in studies to better understand their occurrence, 
antimicrobial resistance and risk to patients. 
2.5.1 Enterococcus faecium ( E. faecium) 
Enterococcus are Gram-positive organisms that have been recognized as 
harmless commensal bacteria in the gut of humans and animals and have 
in fact been used as a probiotic to an “ESKAPE” pathogen (Lee et al., 2019). 
However, according to Savas, Heikans and Hueber (2010), these bacteria 
have specific characteristics, in immunocompromised hosts, which enable 
these bacteria to colonize patients and cause certain life-threatening 
illnesses such as bacteraemia, peritonitis, endocarditis and urinary tract, 
wound infections (Sava, Heikens and Huebner, 2010). It has been proven 
that these bacteria are able to survive in a hospital sterile setting with the 
majority of device-associated infections, especially central venous catheters 
(Sandoe, Witherden, Cove, Heritage and Wilcox, 2003), which are due to 
antibiotic resistant E. faecium (Sandoe et al., 2003). Concern has risen for 
the rapid spread of vancomycin resistant enterococci (VRE). Until recently, 
it was thought that all infections were caused by a Gram-positive bacterium 
known as Enterococcus faecalis, however, infections that are caused by E. 
faecium have been increasing and account for about 40% of all 
enterococcal infections (Gao, Howden and Stinear, 2018). 
a. Method of bacterial resistance 
Murray (1998), describes three types of conjugation in which E. faecium can 
acquire drug resistance. These are conjugative transposons, pheromone-
responsive plasmids and broad host-range plasmids. 
1. During the pheromone conjugative process, the donor cell meets its 
corresponding pheromone. Here, transcription of a gene on a plasmid 
is switched on which causes the making of an aggregation substance 
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on its surface. The donor cell then bumps into another E. faecium 
aggregation substance which results in them clumping together. The 
recipient bacterium can then receive the pheromone-responsive 
plasmid from the donor bacterium. Once the recipient bacterium has 
acquired this particular plasmid, the synthesis of the corresponding 
sex pheromone is shut off to prevent further self- clumping. 
2. The broad host-range plasmids can transfer among species of     
enterococci and other gram-positive organisms such as streptococci 
and staphylococci (Clewell, 1986).  
3. Conjugative transposons encode the ability to bring about conjugation 
between different bacterial cells. Conjugative transposons do not 
replicate. They insert into the chromosome or into a plasmid of the new 
host. This form of conjugation appears to be a more efficient way of 
disseminating a resistance gene. 
b. Treatment 
Treatment for these bacteria can be quite difficult as this species is 
intrinsically resistant to many anti-microbial drugs including cephalosporins, 
clindamycin, semi-synthetic penicillinase-stable penicillins and 
aminoglycosides (Cai, Mazzolli, Meacci, Boddi, Mondiani, Malossini and 
Bartoletti, 2011). They also have to capacity to acquire resistance genes 
and mutations (Arias and Murray, 2012). As it stands, except for 
endocarditis and patients with penicillin allergies, the treatment drugs of 
choice for enterococcal infections are ampicillin and penicillin. A 
glycopeptide (either vancomycin or teicoplanin) can be used to treat people 
who have a serious allergy to penicillin (Chewning, 2011). 
c. Epidemiology 
E. faecium can survive in extreme environmental conditions, is abundant in 
the environment and is highly prevalent in the natural gut microbiome (Lee 
et al., 2019). In the past two decades, many enterococcal ecological and 
epidemiological studies have been performed, especially in clinic settings 
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(Arias and Murray, 2012). Besides being well recognised as colonizers of 
human gut, it has also been found in beach sand, freshwater sediments, 
saltwater sediments, soil and aquatic and terrestrial vegetations. Viability of 
the bacteria remains on inanimate surfaces in a hospital environment from 
7 days through to 2 months (Lee et al., 2019). This increases the risk of 
acquiring the bacteria through exposure to contaminated equipment or by 
transmission from healthcare workers.  
2.5.2  Staphylococcus aureus (S. aureus) 
This Gram-positive bacterium is one of the most frequently isolated bacterial 
pathogens found in human clinics (Ohigashi, Sudo, Kobayashi, Takahashi, 
Nomoto and Onodera, 2018). The infections caused by this bacterium can 
affect any organ in the body and they have a significant participation in the 
acquisition of nosocomial infections. It is an opportunistic pathogen both 
superficial and invasive infections which are potentially life-threatening 
(Foster and Geoghegan, 2015). S. aureus is an important nosocomial and 
community pathogen and causes a wide variety of diseases in humans, 
including folliculitis, boils, impetigo, scalded skin syndrome, wound 
infections, bacteraemia, metastatic infections, endocarditis, meningitis, 
pneumonia, osteomyelitis and infections of prosthetic devices (Lui, 2015). 
a. Method of bacterial resistance 
The organisms prompt an overabundance of secreted and surface proteins 
that promote colonization and evasion of immune responses. S. aureus has 
displayed excellent adaptive power to ensure its success as a pathogen. 
According to Lui (2015), methicillin-resistant S. aureus (MRSA) emerged in 
the hospital settings in the early 1960s with the attainment of the mecA gene 
which enabled its resistance to methicillin and all other β-lactam antibiotics. 
The mechanism of resistance is the elaboration of a β-lactamase, usually 
encoded by a transposon borne on a plasmid. MRSA isolates survive β-
lactam exposure by expounding a peptidoglycan-synthesizing enzyme 
called penicillin-binding protein (PBP) 2a which, together with native PBP2, 
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allows peptidoglycan synthesis despite the presence of a β-lactam 
compound (Daum, 2013). 
b. Treatment 
One of the strongest survival tactics used by Staphylococcus aureus is the 
biofilm formation which is difficult to treat using antibiotics (Chewing, 2011). 
The standard treatment of Staphylococcus aureus biofilm infections 
includes removal of the infected foreign bodies and systemic or topical 
antibiotic administration in high dosage, which requires hospital 
readmission, additional surgical procedures leading to tremendous increase 
in treatment costs (Suresh, Biswas and Biswas, 2019). 
Recent research conducted in 2019 highlights several innovative preventive 
and therapeutic strategies that could be adopted to tackle Staphylococcus 
aureus biofilm infections, which includes the use of appropriate antibiotic 
combinations, phytochemicals, enzymes, adenosine phosphates, sulfhydryl 
compounds, nanoparticles, phages and metal chelators. Additionally, laser 
shock waves, ultrasound and photodynamic therapy act by disrupting 
biofilms and demonstrated synergism with antibiotics (Suresh, Biswas and 
Biswas, 2019). However, further research is necessary for the development 
of most appropriate anti-biofilm agents for systemic applications.  
c. Epidemiology 
The natural habitat of S. aureus is the squamous epithelium found in the 
anterior nares which are moist (Tong, Davis, Eichenberger, Holland and 
Fowler, 2015). A study done in 2015 showed that 20% of the population are 
persistent carriers while the remainder are intermittent low-level carriers 
(Foster and Geoghegan, 2015). S. aureus is primarily transmitted to the skin 
and can also be found in other parts of the body. In healthcare facilities, the 
healthcare workers have high nasal carriage rates however, transmission is 
primarily by hand carriage by medical staff (Loftus, Dexter and Robinson, 
2018). 
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2.5.3  Klebsiella pneumoniae (K. pneumoniae) 
This Gram-negative aerobic bacterium can cause a wide variety of 
nosocomial infections. It is normally found in the normal flora of the mouth, 
skin and intestines of humans and other mammals. It is also found naturally 
in the soil (Doorduijn et al., 2016). However, this organism can cause 
destructive changes in the lungs, specifically to the alveoli which can result 
in bloody sputum. In addition to the pneumoniae caused by this bacterium, 
urinary infections, biliary tract infections and surgical site wound infections 
can also result, especially in immunocompromised individuals as well as 
persons in the hospital or clinic environment (Yan, Zhou, Du, Bai, Liu, Gong, 
Song, Tong and Liu, 2019).  
a. Method of bacterial resistance 
This pathogen has several mechanisms in which they resist the effects of 
anti-biotics. As one of the most obvious protective structures, the cell 
capsule has been well studied (Bernardini, Tomás, Bengoechea, Martínez 
and Sánchez, 2019). The capsule protects against phagocytosis, 
antimicrobial peptides and complement-mediated lysis. K. pneumoniae 
possess various virulence factors that help the bacterium survive the host 
(Podschun and Ullmann, 1998). Hypervirulent strains of the bacterium 
which belong to clonal complex 23, acquired a large virulence plasmid 
(Turton, Payne, Coward, Hopkins, Turton, Doumith, Woodford, 2017). This 
plasmid accounts for the acquisition of iron via siderophores which is 
important for the growth and the virulence within the host. In order to 
colonise the host, the bacterium uses type I pili for adherence to different 
surfaces such as the mucosal surfaces in human lungs and nasal cavities 
(Murphy Mortensen, Krogfelt and Clegg, 2013).  
K. pneumoniae has generally developed mechanisms to adapt during 
infection to ensure survival within the host, which basically compromise of 
improving existing barriers that allow the bacterium to evade complement-
dependent killing (Hudson, Bent, Meagher and Williams, 2014). 
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b. Treatment 
Treatment for Klebsiella pneumoniae is commonly by antibiotics such as 
aminoglycosides and cephalosporins, the choice depending on the patient’s 
health condition, medical history and severity of the disease (Yasin, Assad, 
Talpur, Zahid and Malik, 2017). The result from a study conducted in 2018, 
showed that polymers have broad spectrum antibacterial activity against 
clinically isolated MDR bacteria. The polymer treatment also provides a high 
survival rate and fast bacterial removal from the major organs and the blood. 
At the therapeutic dose, the polymer treatment does not cause acute toxicity 
towards liver and kidney functions that most other antibiotics are 
responsible for. These polymers also do not interfere with the electrolyte 
balance of the blood. So due to efficacy and negligible toxicity, the polymer 
is the best option for the treatment of multidrug resistant K. pneumoniae 
(Lou et al., 2015).  
c. Epidemiology  
K. pneumoniae is the second most common cause of Gram-negative 
bacterial infections after E. coli (Nielsen et al., 2014). In Italy, a study was 
performed and concluded there are high mortality rates which range from 
20%-40% for patients with K. pneumoniae but this incidence was reported 
to have increased in 2015 to 67.6% for ICU patients (Delle Rose et al., 
2015). 
2.5.4 Acinetobacter baumannii (A. baumannii) 
This opportunistic pathogen displaces a high incidence among 
immunocompromised individuals who commonly have experienced a 
prolonged hospital stay. This pathogen is commonly associated with aquatic 
environments and has been shown to colonise the skin, respiratory tract 
and oropharynx secretions (Antunes, Visca and Towner, 2014). In recent 
years it has raised alarms due to its extensive antibiotic resistance capability 
15 
 
(Howard et al., 2012). This pathogen can cause bacteraemia, pneumonia, 
meningitis, UTI’s and wound infections (Nasr, 2019). 
a. Method of bacterial resistance 
The capacity of Acinetobacter species for extensive antimicrobial resistance 
is due to the organism’s relatively impermeable outer membrane and its 
environmental exposure to a large reservoir of resistance genes (Bonomo 
and Szabo, 2006). The resistance mechanisms for this pathogen are quite 
similar to those for the Pseudomonas species and fall into three categories: 
(1) antimicrobial-inactivating enzymes, (2) reduced access to bacterial 
targets or (3) mutations that change targets or cellular functions (Tiwari, 
Meena and Tiwari, 2016).  
b. Treatment 
Increasing antimicrobial resistance leaves few successful therapeutic 
options and according to Eliopoulos, Maragakis and Perl (2008), there have 
been no well-designed clinical trials to compare the treatment regiments. 
Carbapenems remain the therapy of choice however, unfortunately, 
Carbapenem-resistant Acinetobacter isolates are increasingly reported 
worldwide (Jones et al., 2006). Other methods of therapy include 
Lactamase inhibitors, Tigecycline, Aminoglycosides, Polymyxin therapy as 
well as synergy and combination therapy. 
c. Epidemiology 
The epidemiology of this bacterial infection is often complex, with the co-
existence of epidemic and endemic infections (Almasaudi, 2018). The 
endemic infections are often favoured by the selection pressure of 
antimicrobials. The only good news is that potentially severe infections such 
as bacteraemia or pneumonia in patients in the average intensive care unit 
who are undergoing intubation, do not seem to be associated with a higher 
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attributable mortality rate or an increased length in hospital stay (Fournier, 
Richet and Weinstein, 2006). 
2.5.5 Pseudomonas aeruginosa (P. aeruginosa) 
This Gram-negative bacterium is usually found in the environment such as 
in soil, water and other moist environments (Schobert and Jahn, 2010). This 
bacterium is however still an opportunistic pathogen which takes advantage 
of the person’s weakened immune system to create an infection and this 
organism also produces tissue-damaging toxins (Hobden, 2002). These 
pathogens cause urinary tract infections, respiratory system infections, 
dermatitis, soft tissue infections, gastrointestinal infections and a variety of 
systemic infections particularly in burn victims (Johnson and Lory, 1987). 
a. Method of bacterial resistance 
This bacterium has been shown to possess a high level of intrinsic 
resistance to most antibiotics through restricted outer membrane 
permeability, efflux systems that pump antibiotics out of the cell and 
production of antibiotic-inactivating enzymes such as β-lactamase 
(Breidenstein, de la Fuente-Núñez and Hancock, 2011).  
b. Treatment 
Pseudomonas aeruginosa is frequently resistant to many commonly used 
antibiotics. The combination of Gentamicin and Carbenicillin is frequently 
used to treat severe Pseudomonas infections. Therapeutic vaccines, such 
as “FlaA + FlaB + PilA”, may work in combination with the current 
antimicrobial therapies, as an alternative approach towards effective control 
of life-threatening Pseudomonas aeruginosa infections (Hashemi et al., 
2020). 
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c. Epidemiology 
According to the Centre for Disease Control (CDC), the overall incidence of 
this pathogen in the US hospitals averages about 0.4 % (4 per 1000 
discharges) and is the fourth most commonly isolated nosocomial pathogen 
accounting for 10.1% of all hospital acquired infections (CDC, 2005). This 
organism is often reintroduced into the hospital environment on plants, 
fruits, visitors and patients transferred from other facilities (Bassetti, Vena, 
Croxatto, Righi and Guery, 2018). 
2.5.6 Enterobacter species  
Several strains of this Gram-negative bacteria are pathogenic and are 
known to cause opportunistic infections in immunocompromised hosts and 
those who are on mechanical ventilation (Dalben Varkulja, Basso, Krebs, 
Gibelli, Van Der Heijden, Rossi, Duboc, Levin and Costa, 2008).  The 
urinary system and respiratory system are the most common sites of 
infection (Dalben et al., 2008). 
a. Method of bacterial resistance 
Mutations in chromosomal genes contribute to antibiotic resistance, but 
Enterobacteriaceae are adapted to sharing genetic material. Much of this 
important resistance is due to 'mobile' resistance genes. Different mobile 
genetic elements, which have different characteristics, are responsible for 
capturing these genes from the chromosomes of a variety of bacterial 
species and moving them between DNA molecules. If transferred to 
plasmids, these resistance genes are then able to be transferred 
'horizontally' between different bacterial cells, including different species, 
and well as being transferred 'vertically' during cell division. Carriage of 
several resistance genes on the same plasmid enables a bacterial cell to 
acquire multi-resistance in a single step and means that spread of one 
resistance gene may be co-selected for by use of antibiotics other than 
those to which it confers resistance. Many different mobile genes conferring 
18 
 
resistance to each class of antibiotic have been identified, complicating 
detection of the factors responsible for a particular resistance phenotype, 
especially when changes in chromosomal genes may also confer or 
contribute to resistance (Pournaras, Koumaki, Spanakis, Gennimata and 
Tsakaris, 2016). 
b. Treatment 
Traditional approaches to treating Enterobacter infections involve single-
agent antimicrobial therapy, typically with an aminoglycoside, a 
fluoroquinolone, a cephalosporin, or imipenem. In some instances, 
however, subpopulations of Enterobacter can produce enzymes known 
as beta-lactamases, which cleave the central ring structure responsible for 
the activity of beta-lactam antibiotics, a group that includes imipenem and 
cephalosporins. Repeated exposure to these drugs selects for beta-
lactamase-synthesizing Enterobacter, thereby giving rise to drug 
resistance. Newer approaches to Enterobacter infections have adopted 
combination-therapy regimens employing multiple antibiotics with different 
core structures, such as an aminoglycoside or a fluoroquinolone in 
combination with a beta-lactam agent (Leong, Shaw, Papanicolas, Lagana, 
Bastian and Rogers, 2017). 
c. Epidemiology 
No recent epidemiological studies have been conducted on Enterobacter 
infections. However Enterobacter infections are increasing in frequency, 
particularly in intensive care units (ICUs). Using data from the National 
Nosocomial Infection Surveillance (NNIS) survey from the Centres for Disease 
Control (CDC), collected between 1992 and 1999, Fridkin (2001) reported 
that Enterobacter was the fifth leading cause of ICU infections in the United 
States and third most common cause of nosocomial pneumonia overall.   
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2.6 Factors influencing the development of nosocomial infections 
The patient is exposed to a variety of microorganisms during hospitalization 
or working in a hospital or clinical environment. Contact between the patient 
and a microorganism does not by itself necessarily result in the 
development of clinical disease. There are multiple factors which may 
influence the development or the chances of the patient contracting the 
infection. 
a.  Patient Susceptibility 
Any human can acquire a pathogenic infection, but some patients have 
determinants which pose a higher risk for developing these infections. 
According to Jenkins (2017), the most important patient determinants of 
infection risk include 1. Extremes of ages as these are associated with a 
decreased resistance to infection, 2. Poor nutritional state, 3. Obesity, 4. 
Diabetes Mellitus, lung, liver or renal disease, malignancy or 
immunodeficiency, 5. Smoking, 6. Coexisting infections which cause 
patients to have an increased susceptibility to infections with opportunistic 
pathogens, 7. Patients needing emergency surgery vs elective patients 
undergoing the same procedure.  
b.  Environmental Factors 
Place where healthcare is delivered is usually a fixed element in hospital or 
clinic care but plays an important role in nosocomial infections (Jenkins, 
2017). The ward designs (eg: number of beds per room, space between the 
beds, availability of toilets and wash hand basins, ventilation and water 
distribution systems) and choice of furnishings and furniture contribute to 
the transmissibility of pathogens. Unhygienic environments serve as the 
best source for the pathogenic organisms to prevail. Air, water and food can 
get contaminated and transmitted to the patients under healthcare delivery 
(Khan, Baig and Mehboob, 2016). The air that we breath is abundantly 
populated with micro-organisms. These organisms are known as 
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bioaerosols. A bioaerosol is described by Karwowska (2005) as a colloidal 
suspension formed by liquid droplets and particles of solid matter in the air, 
whose components contain or have attached to them viruses, fungal spores 
and conidia, bacterial endospores, plant pollen and fragments of plant 
tissues. There is no shortage of infection in a health care facility where both 
infected people and people who are at risk of infection congregate and can 
become further sources of infection for staff members and visitors. Patients 
who become infected while in a healthcare facility become a further source 
of infection. Microbial flora may contaminate objects, devices and materials 
which subsequently contact susceptible body sites of patients (Hirvonen et 
al., 1997) 
c.  Proximity to the Source 
Due to the nature of the chiropractic treatment system, the patient will 
encounter the health practitioner, the treatment tables as well as their own 
patient files, which would have also encountered a large number of 
individuals. According to a research trial performed in Nepal, the patient’s 
medical charts were found to be contaminated with multidrug resistant 
bacteria including the superbugs like MRSA and VRE and might act as the 
sources of nosocomial infections (Thapa et al., 2017). 
d.  State of the Immune System 
The body’s immune system has a major role in the combating of infection. 
Those patients who have compromised immunity may become susceptible 
to nosocomial infections and will be affected depending on the severity and 
duration of the immune suppression. Patients who are at risk include those 
with acute or chronic illness, pregnancy, extremes of age, poor nutritional 
state, obesity, diabetes mellitus and those patients in need of emergency 
surgery (Jenkins, 2017). Defence of the human body against infection by 
bacteria, viruses, fungi and multi-cellular parasites requires barriers to 
invasion and a network of cells, chemical mediators and destructive 
enzymes that can be selectively recruited to destroy invading pathogens. 
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The immune system is the selectable component of this host defence 
network (Howell and Shepherd, 2018).   
e.  Bacterial Resistance 
Bacterial resistance to antibiotic therapy has become a growing problem 
worldwide and is a major public health threat. This resistance occurs when 
a microorganism develops some sort of mechanism which enable it to 
survive the exposure to a certain antibiotic (Manage and Liyanage, 2019). 
The major categories of antibiotic resistance include intrinsic, acquired, 
cross and multidrug resistance. According to Khan, Baig and Mehboob 
(2016) some of the main factors responsible the increase in worldwide 
resistance is self-medication with antibiotics, incorrect dosage, prolonged 
use as well as lack of standards for healthcare workers. 
2.7  Acquisition of infections 
The World Health Organisation describes three ways in which nosocomial 
infections can be acquired: endogenous infection, exogenous cross-
infection or endemic exogenous environmental infections (WHO 2014). 
a. endogenous infections – bacteria present in the normal flora cause 
infection because of transmission to other sites (outside the natural habitat) 
such as tissue wounds, surgical sites or inappropriate antibiotic therapy 
(Khan, Baig and Mehboob, 2016).  
b. exogenous cross-infection – four ways in which cross-infections can 
occur in a clinical setting include 1) through direct contact between patients 
(hands, saliva, body fluids), 2) in the air (dust or air droplets contaminated 
by bacteria), 3) via staff contaminated through patient care (hands, throat, 
nose) and 4) through objects contaminated by the patient (equipment), the 
staffs’ hands (patient files) and visitors who may have been in contact with 
other contaminated environmental sources (such as water or food) (WHO, 
2014). 
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c. endemic exogenous environmental infections – some pathogens can 
survive quite comfortably in a hospital or clinic environment. These 
pathogens found in the water, food, equipment etc. can be a source of 
transmission from person to person. Microorganisms such Escherichia coli, 
Staphylococcus aureus, Pseudomonas aeruginosa, and Enterococcus 
hirae have been reported to be stable on paper for up to 72 hours and 
cultivable after seven days (Hübner, 2011). 
2.8  Impact of nosocomial infections 
Nosocomial infections contribute to functional disability as well as emotional 
stress of the patient. This in turn, can lead to a decreased quality of life for 
the patient as these infections may lead to disabling conditions (WHO, 
2000). The longer the patient is to stay in the hospital environment due to 
infection of a nosocomial pathogen further increases their healthcare costs 
and decreases the amount of days at their work environment to pay for 
these healthcare costs. This can be detrimental to both the patient and the 
patient’s families (Edwardson and Caims, 2019). The increased use of 
drugs, the need for isolation and the use of additional laboratory and other 
diagnostic studies also contribute to the overall costs (Jenkins, 2017). 
Healthcare centres are then required to spend more money on potentially 
preventative conditions. Some patients are not aware they are infected with 
the virus as there is an incubation period, and therefore can pass on the 
virus to other people around them. This is evident with the H1N1 influenza 
virus whose incubation period can be anywhere from 1-4 days (Walter, 
2010). Therefore, even though a person might not realise they have been 
infected, they are still able to transmit the virus.  
Organisms that are responsible for nosocomial infections can easily be 
transmitted to the rest of the community through the discharged patients, 
staff and visitors. If organisms are multi-drug resistant, they may cause a 
significant increase in the disease rate in the community (Ducel et al., 2002). 
This brings us back to the overall importance of understanding the risk of 
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paper patient files that are handled daily - patient files contaminated with 
microorganisms may contaminate healthcare workers, who can 
subsequently pass the pathogens to the next attended patients. Therefore, 
a solution to this infectious risk must be initiated. 
2.9 Concluding thoughts 
This review showed that patient files can be a possible source of ESKAPE 
pathogens and have an impact on society, staff and interns in hospitals or 
any clinical settings. It is therefore necessary to research these organisms 
as they may influence the health of the clinical students, staff and patients.  
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Chapter Three 
Methodology 
3.1 Study Design 
This study was an explorative quantitative study utilizing surface sampling 
for bacterial isolation with subsequent identification. Sampling was done 
from the external covers of patient files at the University of Johannesburg’s 
Chiropractic Day Clinic. The sampling and sample analysis protocol was 
followed as outlined in Figure 3.1.  
 
Figure 3.1 Flow diagram of sampling methodology and sample analysis 
followed during the study. 
25 
 
3.2 Study Setting 
The University of Johannesburg’s Chiropractic Clinic is situated on the 
Doornfontein Campus in the Southern region of Johannesburg, near 
Johannesburg Central Business District. Cardboard A3 yellow patient files 
(Appendix A) are used every day in the clinic during working hours. Each 
patient, that makes an appointment at the clinic to be treated, has his/her 
own patient file which contains all his/her relevant details and treatment 
histories. These files are stored in patient file room for confidentially 
purposes.   
3.3  Sample collection 
A total of 150 samples were collected from patient files over a period of 
three days in May 2018. On the first day all the new patient file samples 
were collected, on the second day, all the single use file samples were 
collected and on the third day, the multiple use file samples were collected. 
A private single room within the clinic was used to conduct the sample 
collection. The room was disinfected before sampling took place and during 
the sample collections the surfaces in this room were kept clean and 
disinfected and limited the amount of foot traffic to prevent any disturbances 
or contamination of the samples while the sampling process was in action. 
All apparatus for the sample collection was brought into this private room 
and the samples were collected efficiently and without any disturbance. 
Convenience sampling was used to select files to represent unused new 
files (n=50), files used for one consultation (within 4 months) at the time of 
sampling (single use; n=50) and files used more than one consultation 
(within 4 months) at the time of sampling (multiple use; n=50). 
Samples were collected from the entire outer surfaces of the covers of the 
chiropractic patient files with HYGIENA Stick Sponges (ref: SS100NB) with 
Amies Agar Gel-No Charcoal. The sponges were prepared with 10ml of 
neutralizing buffer. The sponge swabs were numbered and were not linked 
to a specific patient file. The number assigned to the swabs was N1-N50 
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(unused/new files), S1-S50 (single use files) and M1-M50 (multiple use files) 
and they were allocated based on the type of file as indicated. The files were 
not opened at any time to reveal any patient information, thereby ensuring 
anonymity and maintaining patient confidentiality. Only the researcher was 
in the sampling room to collect the samples. The swabs were transported 
to the laboratory, kept at 4˚C and  analysed within 2 hours.  
3.4  Isolation of the bacteria 
The swabs were aseptically streaked on MacConkey agar (Oxoid, SA) 
targeting Gram-negative lactose fermenting (e.g Stenotrophomonas 
maltophilia, Serretia marcescens, Enterobacter and Klebsiella) and non-
lactose fermenting bacteria (e.g Salmonella, Proteus species, Yersinia and 
Shigella); Pseudomonas agar (Oxoid, SA) targeting Pseudomonas 
aeruginosa and other Pseudomonas spp, HiCrome agar (Oxoid, SA)  
targeting E. coli, PCA agar to detect viable bacterial growth and Baird 
Parker agar which is used to isolate gram-positive Staphylocci species. 
Mannitol salt agar was also used which isolates and identifies 
Staphylococcus aureus from clinical and non-clinical specimens.  The 
plates were incubated at 37°C for 24 hours. Presumptive colonies were 
purified by sub-culturing using the streaking plate method on the media 
used for isolation. 
3.5 Identification of bacteria  
The identity of a selection of the presumptive bacterial isolates (n=110), that 
represent the bacterial growth patterns and morphology, were characterized 
using the VITEK®2 Compact System (BioMérieux, USA) which identifies 
organisms using biochemical reactions and newly developed substrates 
measuring carbon source utilization, enzymatic activities, and resistance. 
Purified bacterial colonies from selective media were streak-plated on 
Mueller-Hinton agar plates and incubated 37°C for 24 hours and Gram 
stained. The reason for gram staining is to differentiate between Gram-
positive organisms and Gram-negative organisms. Pure colonies were 
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placed in a tube containing 3 mL saline (BioMérieux, USA) and the density 
was monitored with the VITEK®-2 DensiCHEK™. Bacterial suspensions not 
within the appropriate zone were adjusted to 0.5–0.63 McFarland standard. 
The appropriate VITEK®-2 Identification Card was selected and inserted 
into the tube containing the suspension. For the Gram-negative slides used 
VITEK 2 card GN 21341 and the Gram-positive sides used VITEK 2 card 
21342. The saline solution consisted of 0.45ml of sodium chloride with a 
reference number of V1204. Even though fungal spores were found on the 
patient files, no identifications were performed as this study was only looking 
for bacterial growth.  
3.6 Data analysis 
The data was captured on Microsoft Excel sheets and the graphs were 
drawn using GraphPad Prism version 8.  
3.7 Ethical considerations 
Approval to conduct this study was obtained from the UJ Faculty of Health 
Science Higher Degrees Committee and Research Ethics Committee 
(Appendix D). Permission to conduct the study and access the patient files 
was requested from the Health Training Manager (Dr P Els, Appendix B), 
Chiropractic Head Clinician (Dr C Hay, Appendix B), Chiropractic Head of 
Department (Dr C Yelverton, Appendix B) and the Director of Institutional 
Research & Planning (Miss N Maistry, Appendix B). A research study 
information letter was sent (Appendix C). 
The sampling method did not require any patient information and was done 
in such a manner that no patient information was revealed. No files were 
opened and therefore the information remained confidential and the 
patient’s file anonymity was maintained. Appropriate care and consideration 
were taken when handling the files and they were placed in their correct 
position once the samples had been collected. 
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This dissertation was submitted via anti-plagiarism software (Turnitin) with 
a similarity index of  10% (Appendix D). 
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CHAPTER FOUR 
RESULTS 
4.1 Introduction 
This chapter will present the bacterial data collected during the study. A total 
of n= 150 files were used in this study, 50 unused files, 50 single use files 
and 50 multiple use files. This data includes the total microbial load on the 
different patient files (using the different media) and will include the identity 
of some of the isolated bacteria using the VITEK® 2 instrument.  
4.2 Isolation of bacteria  
This study investigated the possible presence and biodiversity of bacteria 
on patient files at the University of Johannesburg’s Chiropractic Clinic. 
Culture and biochemical approaches were used to isolate and identify 
bacteria from the 150 patient files. In healthcare settings, the threat of 
environmental contamination with potential pathogens is a great concern. 
This is particularly important with regards to contamination of patient 
medical files. The contaminated files could form a potential source of 
infection in high-risk areas (occurrence of up to 85.2 %) because these files 
cannot be decontaminated (Panhotra et al., 2005).  
In this study, 73 % (110/150) of the patient files had bacteria present on the 
outside surface (table 4.1) when samples were grown on plate count agar. 
Unexpectedly, more of the unused files harbored bacterial when in 
comparison to the single use files. It was found that 80.4% of the unused 
files tested positive for the presence of bacteria compared to the 50% single 
use files that showed the presence of bacteria. As expected the majority 
(88%) of multiple use files had bacteria present on the outside surface which 
was to be expected due to the high handling rate of these files in the clinic. 
30 
 
Table 4.1 Summary of the number of samples that had bacterial growth 
on the indicated media indicated as percentage (n). 
Files 
Plate count 
agar 
HiCrome 
agar 
Baird Parker 
agar 
MacConkey 
agar 
Unused 80.4 (41) 7.8 (4) 0 (0) 90.2 (46) 
Single use 50 (25) 8 (4) 26 (13) 52 (26) 
Multiple use 88 (44) 24 (12) 34 (17) 62 (31) 
Total 72.8 (110) 13.2 (20) 19.9 (30) 68.2 (103) 
The bacterial counts obtained for the files that showed the presence of 
bacteria is shown in Figure 4.1. The data is represented as both logarithmic 
(log10) and linear scales to make the data understandable for audiences that 
may not be familiar with log10 scales. The use of log10 gives a better 
representation of the data that may be clustered together on linear scales 
making the interpretation of the data difficult.  
Figure 4.1 Comparison of the bacterial and fungal counts on the unused, 
single use and multiple use files that had microbial growth on 
plate count agar. The graphs are plotted using log10 scale (left 
graph) and linear scale (right graph) on the y-axis and shows 
the number of colonies if the files had any growth (bacteria 
and/or fungi; green) as well as a breakdown for bacterial 
growth (blue) and fungal (red) growth. 
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Looking at Table 4.1, one can see that the MacConkey agar results were 
significantly higher than the HiCrome and Baird Parker agar results. This 
can be expected as the MacCkoney agar reveals common human enteric 
bacteria as well as dry materials such as dust which is present in most 
environments that have human presence rates. The plate count agar which 
is a non-selective medium revealed the highest amount of bacterial counts 
which is to be expected due to its non-selective nature. The Baird Parker 
agar, which is used to isolate Staphylococcus organisms was noted in 27 
% of the total bacterial load found. The HiCrome agar, which is used to 
represent fungal organism, reveals the lowest score, however, it shows that 
fungal spores are still present. Since this study is only focusing on bacterial 
counts, perhaps a future study on fungal loads on chiropractic patient files 
can be performed.  
Although the focus of the study was on the presence of bacteria it is 
important to acknowledge and report on the fungal counts that were 
collected during the study. This data is also included in the figures for 
comparison with the bacterial data. However, it is important to not that no 
identifications of the fungi were performed in this study. 
The plate count agar was used to assess the total number of culturable 
bacteria from the samples obtained. As mentioned, there were more unused 
files that tested positive for the presence of bacteria and fungi. It was also 
found that the unused files had higher bacterial counts per file compared to 
the other two categories. The possible reasons for this will be explained in 
the next chapter.  
Plate count agar is not a selective medium and selective media was used 
as a first step to determine the possible presence of specific bacteria that 
could have a health impact. The HiCrome agar is recommended for the 
culturing of Escherichia coli, a bacteria associated with faecal pollution that 
would indicate poor hand hygiene practises. The Baird-Parker agar was 
used for the selective isolation of Gram-positive Staphylococci species 
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associated with the human skin microbiome and MacConkey agar was used 
to select and isolate Gram-negative and enteric bacilli. The breakdown of 
the number of files that showed bacterial growth on this media is also shown 
in Table 4.1 and will be presented per file category in the figures that follow. 
If the different types of files and the data from the other media (Figure 4.2) 
are observed, the same trend is seen with the same media, and can be 
assumed that it is contributed to the files. The single use and new files were 
sampled on one day which displays the fact that human error and 
contamination of the files were of no risk. The multiple use files were 
sampled a day later due to time constraints on the previous day.  
Despite the presence of presumptive colonies isolated using the selective 
media, the colonies still had to be identified to determine and describe the 
risk of the bacteria present on the files.   
If a comparison is done between the graphs in Figure 4.2, one can see an 
abnormal trend between the unused files and single use files. One would 
expect to see fewer organisms on the unused files compared to the single 
use files, but this is not the case in this study. Certain theories as to why this 
has occurred are discussed in chapter 5. One can also see from the 
HiCrome agar, that fungal spores are present but at a much lower amount 
compared to the bacterial organisms found.  
4.3 VITEK®2 results of patient file isolated tests 
The results presented in Table 4.2 is a representation of the results obtained 
for the bacterial identification. It must be noted that it also represents 
colonies from all the file types and was selected based on typical growth 
and morphology on the different media. Only representative colonies that 
were of interest from each plate were gram-stained and then were put into 
the VITEK 2 for analysing.   
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Figure 4.2 Comparison of the bacterial and fungal counts on the unused 
(top row), single use (middle row) and multiple use (Bottom 
row) files that had microbial growth on the selected agar. The 
graphs are plotted using log10 scale (left graph) and linear 
scale (right graph) on the y-axis and shows the number of 
colonies if the files had any growth (bacteria and/or fungi; 
green) as well as a breakdown for bacterial growth (blue) and 
fungal (red) growth. 
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Based on the VITEK®2 results, no ESKAPE pathogens were found 
however, Table 4.2 summarizes the organisms that were obtained.  As 
expected, a lot of bacteria associated with the normal human flora was 
observed.  Interesting species associated with the gastrointestinal tract was 
also isolated that could indicate the need for better hand hygiene. It should 
be noted that these organisms could also be from other sources as indicated 
in the table so no clear conclusions can be drawn on the possible origin of 
the isolates. 
The data obtained will be discussed in more detail in the next chapter.
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Table 4.2 Summary of the bacterial identification obtained from the VITEK®2 including the organism’s prevalence and the 
organism’s clinical infections in humans 
Organism Natural Habitat Common mode of 
transmission 
Clinical Infections References 
Streptococcus iniae Aquatic, freshwater marine 
life 
Handing and preparation of 
infected fish/marine life 
Bacteremic cellulitis, 
endocarditis, meningitis, 
osteomyelitis and septic 
arthritis 
Baiana and Barnes, 
2009; Lau et al., 2003 
Staphylococcus 
epidermis 
Normal human flora, 
typically the skin and 
mucosal flora 
Via surgical implants or 
other catheters 
Complicated diarrhoea, 
septic wound infections, 
osteomyelitis, intravenous 
catheter-related 
bacteraemia, meningitis 
and peritonitis 
Jain et al., 2016; 
Levinson, 2010 
Pantoea spp Common inhabitants of the 
gastrointestinal tract of 
humans. Can also be found 
in water, sewage, soil, plant 
material and foods 
Penetration with vegetative 
material during performing 
of agricultural occupations 
or gardening 
Nosocomial pneumonia, 
urinary tract infections, 
surgical wound infections 
and catheter-related 
bloodstream infections 
Halpern et al., 2011 
Staphylococcus 
haemolyticus 
Largest part of the skin flora 
of humans. Its largest 
populations are usually the 
axillae, perineum and 
inguinal areas. 
Insertion of medical device Native valve endocarditis, 
sepsis, peritonitis, urinary 
tract infections, wound 
infections, bone infections, 
joint infections 
Vignaroli, Biavasca 
and Varaldo, 2006 
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Table 4.2 continued Summary of the bacterial identification obtained from the VITEK®2 including the organism’s 
prevalence and the organism’s clinical infections in humans 
Organism Natural Habitat Common mode of 
transmission 
Clinical Infections References 
Staphylococcus 
warneri 
Common commensal 
organism found as part of 
the skin flora on humans 
and animals 
Medical device insertion 
such as central venous 
catheters and urinary 
catheters 
Spontaneous abortion, 
vertebral discitis, urinary 
tract infections, meningitis, 
orthopaedic infections, 
ventricular shunt infections, 
endocarditis 
Bariagye et al., 2007; 
Announ et al., 2004; 
Leighton and Little, 
1986; Incani et al., 
2010; Stöllberger, 
2006 
Staphyloccus 
saprophyticus 
Found in the normal flora of 
the female genital tract and 
perineum. It has also been 
noted in the human 
gastrointestinal tracts 
Insertion of uterine or 
urinary medical device 
Urinary tract infections Widerström et al.,2012 
Micrococcus luteus Is commonly found in soil, 
dust, water, air and as part 
of the normal floraof the 
mammalian skin. It also 
colonises the human 
mouth, mucosae, 
oropharynx and upper 
respiratory tract. 
Transmission is possible 
through contact with 
contaminated objects 
and/or surfaces. 
Transmission via inhalation 
of contaminated droplets 
and/or aerosols may also 
be possible. 
Recurrent bacteremia van Eiff et al., 1996 
Staphylococcus 
hominis spp 
hominis 
It occurs commonly as 
harmless commensal on 
human and animal skin 
Contamination from human 
bodily fluids  
Sepsis  Chavez et al., 2005 
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Table 4.2 continued Summary of the bacterial identification obtained from the VITEK®2 including the organism’s 
prevalence and the organism’s clinical infections in humans 
Organism Natural Habitat Common mode of 
transmission 
Clinical Infections References 
Kocuria varians Mammalian skin, soil and 
water 
Transmission is possible 
through contact with 
contaminated objects 
and/or surfaces. 
Transmission via inhalation 
of contaminated droplets 
and/or aerosols may also 
be possible. 
Recurrent bacteremia van Eiff et al., 1996 
Escherichia vuneris Commonly found in the 
respiratory tract and genital 
tract, stool and urinary tract 
of humans. 
Open wound infection/ 
contamination 
Complicated diarrhoea, 
septic wound infections, 
osteomyelitis, intravenous 
catheter-related 
bacteraemia, meningitis 
and peritonitis 
Jain et al., 2016 
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Chapter Five 
Discussion, Recommendations and Conclusion 
5.1 Discussion of data  
As mentioned in chapter 4, from the data, it seems that the unused files had 
higher counts of organisms than that of the single and multiple use files. 
This data from the unused files almost looks like it should be from the 
multiple use files. This could be explained by the following thoughts. 
There could be a new supplier of files i.e. this batch came contaminated 
with bacteria from the supplier. However, when questioning the 
receptionists, who oversee the new files, their response was that there was 
no new supplier and the files are from the same supplier they always receive 
them from. Despite this there could have been a change in the way the files 
are produced, handled and packaged that could have contributed to the 
higher number of files with bacteria present. 
An article, published in November 2011 by Hubner and colleagues 
discusses the great importance of if, and to what extent paper plays a role 
as a vehicle for bacterial pathogens and promotes cross-infection. This 
study demonstrated that bacteria not only survive on paper but can also be 
transferred from one person’s hands to paper and back to another person’s 
hands. In this current dissertation this can be agreed with due to the 
evidence that a variety of bacterial organism were found on the single use 
as well as the multiple use files. The typical bacteria isolated is linked to the 
normal flora of hands and supports this transfer of bacteria to and from the 
file. This idea can also be said about the new files. Because there is such a 
high amount of bacterial findings on the unused files (one would think this 
would have the least pathogens), it can be presumed that the labourers who 
were involved in the production, packaging, delivery and storing of the 
patient files did not have adequate hand hygiene and therefore transferred 
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the pathogens from their hands onto the patient files. Once contaminated, 
paper is hard to disinfect because it cannot be disinfected by chemical 
means as other inanimate surfaces can.   
Most of the bacteria recovered from patient files are regarded as minor 
clinical significance, however, many instances of infections with the above-
mentioned organisms may occur in a person who is immuno-compromised. 
Although healthcare associated infections are applied, the clinic could 
typically receive patients that may have community acquired infections.  
Since the files are kept locked in a separate room and no one besides the 
receptionist has access, this means that no routine cleaning in this storage 
room is performed therefore the bacteria can reproduce and stay unharmed 
from any cleaning chemicals used in the rest of the clinic. Due to the lack of 
foot traffic in the room, there is nothing altering the temperature and 
moisture that was in the room. A research article published by Larry R. 
Beuchat in 1983 describes how the change in temperature and water 
activity can affect the growth of microorganisms. It states that “within limits, 
fungal cells can adapt to reduced water activity as a mechanism to maintain 
viability”. This can perhaps explain why there is still a large growth of fungi 
and bacteria on the unused files compared to the single and multiple use 
files.  
There may be a sufficient atmospheric water activity within the storage room 
(where the unused files are stored) compared to the filing room and the rest 
of the clinic in which the water activity decreases and hence some of the 
bacteria and fungi may not be able to cope with which can be a reason that 
their numbers are decreased compared to the unused files. The article also 
discusses the influence of temperature and organism growth. The higher 
the temperature, the lower the viability of fungal spores. The temperature 
may be lower within the unused files storeroom compared to the rest of the 
clinic. This can explain that when the files are exposed to higher 
temperatures (from eg: the warmth of a person’s hands or the room heaters 
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which elevate the room temperature) some of the bacteria and fungi can die 
off. 
The bacteria and fungi may not survive for extended periods of time on 
paper and this can contribute to the lower counts found on the single use 
and multiple use files. In South Africa’s government medical facilities, paper 
is the most popular recording medium of medical charts, patient files, notes 
and reports. Patient files are not only used by doctors and patients but also 
by many other people involved in patient care (Hübner et al., 2011). 
Disinfection of paper, unlike most other equipment, is not an easy task due 
to its porous surface and incompatibility with liquid disinfectants which is 
what is commonly used in most medical facilities. Much research has been 
conducted on the transmission of pathogens from hands to inanimate 
surfaces, however, it remains unclear how long bacteria can survive on the 
patient file paper and how many organisms maybe transferred in a full hand-
to-paper-to-hand transmission cycle (Han, OO, WIN, HAN, and Aye, 1989). 
This problem should be investigated because patient files are suspected to 
be an important vector for pathogen transmission. 
Humans are colonized by many different bacterial species. Some, such as 
Micrococcus luteus and Staphylococcus hominis, are found on virtually all 
body parts (Kloos and Musselwhite, 1975). Others have more distinct 
preferences for certain parts of the human body (Kloos, 1986). The largest 
densities of Staphylocci are found in sweat glands and on the mucous 
membranes surrounding body openings (Otto, 2010). Staphylococcus 
hominis spp. hominis is known for producing thioalcohol compounds which 
contribute to body odour (Kloos, 1980). Micrococcus luteus is the 
Micrococcus species that is most frequently found on human skin. Recovery 
of any of the above organisms on the patient files are natural commensals 
of the human body and should be expected. This study suggests that the 
potential exists for horizontal transmission and nosocomial acquisition of 
microbial pathogens on the chiropractic patient files at the University of 
Johannesburg’s Chiropractic Day Clinic. All the files sampled carried 
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microorganisms. Although most of these were harmless skin bacteria and/or 
environmental fungi, they are opportunistic which pose a direct threat to the 
patient and possibly the community. 
5.2 Chiropractic patient files as potential vectors of pathogenic 
bacteria 
Several factors can influence the microbial load in the UJ chiropractic day 
clinic, such as the number of foot traffic, occupant activities, inadequate 
furniture cleaning and maintenance, poor building design and ventilation 
(Kalwasinska et al., 2012). All of these can cause deposition of pathogens 
on chiropractic patient files. Chiropractic patient files should be considered 
critical or semi-critical vectors involved in horizontal transmission of 
organisms. Because chiropractic patient files are one of the most commonly 
touched items in the UJ chiropractic clinic, these files should represent a 
special consideration for disinfection. They require disinfection methods that 
differ considerably from other surfaces. 
In conclusion, it would be prudent for the UJ chiropractic clinic community 
to pay closer attention to the possibility of the chiropractic patient files as 
potential vectors of bacterial transmission and to mitigate the risk of spread 
of these pathogens in the academic and clinical settings. The UJ 
chiropractic day clinic needs to implement a proper hand-hygiene protocol 
as well as potentially moving towards a digital form of patient files to limit 
the contact with potential harmful organisms.  
5.3 Limitations of the surface sampling  
1. The growth of the organisms depends on requirements of each 
individual microorganism. It is therefore possible that certain strains 
that have been sampled may have specific requirements (substrate, 
temperature, etc.) and thus may not have developed. 
2. Each patient file encounters a number of people daily which makes 
it difficult to locate the exact source of the contamination. 
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3. The unexpected results for the unused files should be confirmed with 
a second round of sampling that could not be done during this study 
but should be done to confirm the data obtained. 
4. With regards to the bacterial levels on the files, although we did 
display the load count, there was no real comparison as it must be 
taken into consideration that the sample was taken from the total 
external surface of the file. Therefore, this shows ‘’x’’ amount of 
bacteria per file which makes it almost negligible.   
5.4 Guidance and Advice 
5.4.1 Research and Education 
Further possible investigations should include: 
1. Examining the microbial contamination on: 
• Doorknobs, desks and chairs 
• Pillows, gowns, towels and removeable cotton sheets on the 
plinths 
• Modality machines (IFC, ultrasound etc.), cellphones, hand 
washbasins and potted plants. 
• The items that form part of the student’s diagnostic kits 
2. Finding other possible sources of contamination such as pigeon 
nesting sites, contamination of patient’s clothing and shoes, water 
sources (taps, washbasins, filtering systems), etc. 
3. Examining other possible substrates for pathogen contamination 
inside the clinic building such as drywalls, ceiling tiles, floor coverings 
etc. 
4. Investigation of other divisions within the University’s Health Training 
Centre such as the homeopathic department and their contribution in 
the entrainment and spread of pathogens within the clinic. 
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5. Examining the microbial status of the homeopathic remedies and 
testing the massage oils and the residue left of the equipment and 
surfaces for antifungal activity. 
5.4.2 Recommendations 
The disinfection of patient files is difficult and education about the need for 
proper hand hygiene is needed to break the potential route of transmission. 
Education interventions for the chiropractic students should provide clear 
evidence that the patient files could become contaminated with microbes 
upon patient contact. Inadequate hand disinfection may be deemed the 
most substantial risk factor for horizontal transmission of infectious 
diseases. A few lectures in the undergraduate curriculum may prime the 
chiropractic students to this necessity. Further investigation will be needed 
to determine the long-term compliance and whether this effort may control 
the risk of pathogenic microbes through behaviour change. 
Further investigation into the possibility of digital filing systems to limit the 
physical contact of files between people. This will also allow convenient 
access to the patient files by students in their own space. This may also 
allow for more space to be freed up in the clinic as a physical filling cabinet 
may not be necessary anymore due to the digitalising of the patient files. 
As of October 2019, hand and surface disinfectants have been implemented 
in the clinic as a cleaning protocol. Every person that is in the clinic should 
consider that these infection control measures be practised for adequate 
patient and clinician safety. 
5.5 Conclusion 
As it concludes, this study did show that chiropractic patient files are indeed 
potential vectors of pathogenic bacteria. Overall, the information gathered 
by this study both supports and emphasizes the need for an effective 
disinfection protocol for the prevention of bacterial and fungal build up on 
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the chiropractic patient files at the UJ Chiropractic Day Clinic. Prevention of 
chiropractic patient file contamination and patient infection is a complex 
task. The healthcare providers as well as the clinic staff and patients need 
to disinfect their hands regularly to limit the transfer of any organisms. This 
precaution applies especially to immunocompromised patients. 
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Appendix B  
To Dr Hay, Dr Els, Dr Yelverton and Miss N Maistry, 
Re: Request for permission to conduct study at University of 
Johannesburg’s Chiropractic Clinic 
Research study title: Chiropractic Patient Files as Potential Vectors 
Pathological Bacteria 
I would like to request permission to conduct the study under the afore 
mentioned title. The purpose of this study is to investigate the presence of 
bacterial species on patient files at the Chiropractic Clinic. 
In-order to meet the objectives of my study, I would like to request 
permission to collect surface samples of 150 patient files (50 unused files, 
50 files used once, and 50 files used more than once) using COPAN Cotton 
Swabs. Samples will only be taken from the external surface and no patient 
or student information will be recorded. Samples will be be numbered as 
N1-50 (new files, S1-50 (single use files) and M1-50 (multiple use files) and 
cannot be traced back to a specific file.  
I would be happy to provide more information should it be required but have 
attached an information letter for you as well as a consent from to complete 
to allow me to continue with the study. 
Kind regards 
Kelly Samson 
Tel: 078 457 3330 
Email: kellyjade.samson@gmail.com 
You may also contact my research supervisor: 
Prof. Tobias Barnard 
Tel: 011 559 6342 
Email: tgbarnard@uj.ac.za 
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Appendix C 
 
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
REC 11.0 
16 February 2019 
 
My name is Kelly Samson. This information letter will provide all the 
necessary information about my current research study on 
chiropractic files being potential vectors for pathogenic bacteria. 
 
I would like to explain to you why the research is being done and what it will 
involve. I will go through the information letter with you and answer 
any questions you have. This should take about 10 to 20 minutes. The 
study is part of a research project being completed as a requirement for a 
Master’s Degree in Chiropractic through the University of Johannesburg. 
 
THE PURPOSE OF THIS STUDY:  To determine the bacterial loads, as 
well as the types present, on the external surfaces of patient files used at 
the DFC Chiropractic Training Clinic at the University of Johannesburg. This 
exploratory quantitative study will use convenience sampling of the external 
surface of patient files for bacterial isolation and identification from 150 
patient files. Because the patient files can be a possible source of 
dangerous anti-biotic resistant pathogens, it is necessary to research these 
organisms as they may influence the health of the clinical students, staff 
and patients. The study will give chiropractors a better understanding of the 
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possible risk associated with bacterial pathogens that could be harboured 
on the patient files. 
THE DURATION OF THIS STUDY: With regards to the actual data 
sampling, the study will take approximately two months. The sampling will 
be conducted once a week within this two-month period to accommodate 
the laboratory analysis of the swabs. 
SAMPLE COLLECTION AND STORAGE: The samples will be collected 
using COPAN Swabs with Amies Agar Gel-No Charcoal and kept at 4˚C 
while they are transported to the laboratory for analysis and processed 
within two hours. 
THE RISKS AND BENEFITS OF THIS STUDY: Because the patient files 
can be a possible source of dangerous anti-biotic resistant pathogens, it is 
necessary to research these organisms as they may influence the health of 
the clinical students, staff and patients. The study will give chiropractors a 
better understanding of the possible risks associated with bacterial 
pathogens that could be harboured on the patient files. With all bacterial 
isolations there can be many risks which include contamination with 
pathogenic bacteria and laboratory hazards to the researcher. Every 
protocol will be measured to ensure the safety of the researcher as well as 
the other technicians in the laboratory. There are no anticipated risks during 
the actual data sampling from the patient files. If by some chance I am 
injured during the study, I will not be covered by the institutional insurance. 
SAFETY PRECAUTIONS: In the laboratory, all samples will be stored at 
4˚C when not in use. Appropriate protective gear will be worn as or when 
required. Samples will be analysed in Level 2 Biosafety cabinets and 
surfaces will be cleaned with 70% (v/v) ethanol to disinfect the surface. All 
waste and discarded material will be discarded with the medical waste using 
the University of Johannesburg’s approved waste removers in the 
appropriate containers. 
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ANONYMITY AND CONFIDENTIALITY: Only the external surface of the 
files will be sampled, and the files will not be opened to reveal any patient 
information, thereby ensuring anonymity and maintaining patient 
confidentiality. Only the researcher will be in the filing room to collect the 
samples. The only identification measures will be the file numbers used, for 
data capture, which I emphasis will not be traced back to the patient in any 
way. No patients will be identified in any research reports published. 
THE RESULTS OF THE RESEARCH STUDY: The results will be written 
into a research report that will be assessed. In some cases, results may 
also be published in a scientific journal. In either case, no patient 
identification will be used in any documents, reports or publications.  
ORGANISATION AND FUNDING THIS RESEARCH STUDY:  The study 
is being organised by me, under the guidance of my research supervisor, 
Prof Tobias Barnard at the Water and Health Research Centre at the 
University of Johannesburg. Funding will also be covered by the Water and 
Health Research Centre. 
STUDY REVIEW AND APPROVAL: Before this study was allowed to start, 
it was reviewed in order to protect the clinic’s interests. This review was 
done first by the Department of Chiropractic as well as the Water and 
Research Centre. Secondly by the Faculty of Health Sciences Research 
Ethics Committee at the University of Johannesburg. In both cases, the 
study was approved. 
CONFLICT OF INTERESTS PERTAINING TO THIS STUDY: There are no 
conflict of interests held by anyone involved in this study. 
 If you have any concerns or complaints about this research study, its 
procedures or risks and benefits, you should ask me. You should contact 
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me at any time if you feel you have any concerns about being a part of this 
study. My contact details are:  
Kelly Samson  
Kellyjade.samson@gmail.com 
You may also contact my research supervisor: 
Professor Tobias Barnard 
tgbarnard@uj.ac.za 
58 
Appendix D 
59 
Appendix E 
